Abstract There is a lack of information of exposure to organochlorine pesticides (OCP) and some metals, such as lead (Pb) and arsenic (As), both of which were used as arsenicals pesticides, in children living in the major agricultural areas of Mexico. The objective of this study was to assess the exposure of children to different OCP, As, and Pb in the Yaqui and Mayo valleys of Sonora to generate population baseline levels of these toxins. A cross-sectional study was undertaken in 165 children (age 6-12 years old) from 10 communities from both valleys during 2009. Blood samples were analyzed for OCP and Pb and first morning void urine for inorganic As (InAs). All of the blood samples had detectable levels of dichlorodiphenyltrichloroethylene (p,p 0 -DDE) ranging from 0.25 to 10.3 lg/L. However lindane, dichlorodiphenyltrichloroethane (p,p 0 -DDT), aldrin, and endosulfan were detected in far less of the population (36.4, 23.6, 9.1, and 3 %, respectively). Methoxychlor and endrin were not found in any sample. The average value of Pb in this population was 3.2 lg Pb/dL (range 0.17-9.0) with 8.5 % of the samples having levels\5.0 lg Pb/dL. Urinary As levels ranged from 5.4 to 199 lg As/L with an average value of 31.0 lg As/L. Levels [ 50 lg/L were observed in 12.7 % of the samples. Our results show that is important to start a risk-reduction program to decrease exposure to these toxins in Mexican communities. In addition, the results can be used to establish the baseline levels of exposure to these toxins in this agricultural region and may be used as a reference point for regulatory agencies.
environmental agencies in Mexico-Ministry of Environmental and Natural Resources (SEMARNAT) and the National Institute of Ecology (INE), together with the National Council of Science and Technology (CONA-CYT)-issued calls to submit proposals to generate information regarding the levels of OCP in human serum of people living in high-risk communities in different States of Mexico and of vulnerable populations, which include the major agricultural valleys in Sonora. Thus, SEMARNAT will have a baseline of the type and extent of exposure of human populations before beginning the start-up of the National Implementation Plan of the Stockholm Convention (SEMARNAT-INE-CONACYT 2008) .
The Yaqui and Mayo valleys, located at the southern end of the State of Sonora, could be considered ''high-risks areas'' because they are two of the most important agricultural areas in Mexico. Due to the availability of water from the Yaqui and Mayo rivers, the Yaqui valley is considered the ''cradle of the green revolution'' for agriculture. The Yaqui and Mayo valleys have modern irrigation systems, with approximately 266,673 ha under irrigation for the Yaqui valley and 129,514 ha of agricultural lands in the Mayo valley. The Yaqui and Mayo valleys produce *2.7 million tons/y of crops, mainly wheat, corn, safflower, soy bean, cotton, tomato, potato, chili, watermelon, and zucchini (SAGARPA 2011) .
Historically, large amounts of pesticides have been used in the Yaqui and Mayo valleys (Cantu-Soto et al. 2011) . Organochlorine, organophosphate, pyrethroids, and carbamates were the most important pesticides used in both valleys, but now endosulfan is the only organochlorine pesticide still in use in this area, with an estimated application of 0.91 L/ha (Rodríguez 2009 ). In addition, since the 1950s, there have been reports of heavy applications of lead (Pb) arsenate and sodium arsenates as components in herbicides and insecticide mixtures (Cejudo 2009; Woolson 1975) . Therefore, it is important to know the exposure levels of Pb and arsenic (As) to these vulnerable populations.
Children are often considered the most vulnerable to a variety of environmental contaminants, and they reflect present trends of environmental exposure more accurately than adults (Trejo-Acevedo et al. 2009 ). Reports of OCP in children from the Yaqui and Mayo valleys are limited. Only data for the Yaqui valley exists, but this information was obtained in the early 1990s when heavy application of these pesticides occurred in this region. For example, García and Meza (1991) reported the presence of DDT, hexachlorohexane, aldrin, dieldrin, endrin, HCB, and heptachlorine in blood samples of newborns from Pueblo Yaqui. In addition, breast milk from their mothers had high levels of these compounds. Environmental exposures during critical periods of development are likely to contribute to adverse outcomes in childhood and later life stages (Makri et al. 2004 ). For example, Guillette et al. (1998) used an anthropological approach to evaluate preschool children exposed to pesticides in which they compared two groups of children in the South of Sonora: one group from an agrarian region exposed to pesticide and the other group living in the foothills where pesticide use was avoided. The results showed decreased stamina, gross and fine eye-hand coordination, and short-term memory.
The objective of this study was to assess the exposure to OCP, As, and Pb in children from two of the major agricultural areas in Sonora, Mexico. The goal of this study was to establish baseline exposure levels to OCP in this vulnerable and at-risk population as a point of reference for the assessment of trends over time.
Materials and Methods

Ethical Issues
Our experimental protocol was approved by the Public Health Department of the Sonora State and the Technological Institute of Sonora. Signed consent for each participant and signed parental consent for each child were obtained.
Study Sites
Biomonitoring was focused on communities in the Yaqui and Mayo valleys. Ten communities with agriculture activity were chosen from the valleys to conduct a cross-sectional study, 7 in the Yaqui (Cocorit, Bácum, Campo 5, SJ de Bácum, Cd. Obregón, Tobarito, and Campo 47) and 3 in the Mayo (Navojoa, Etchojoa, and Villa Juárez) (Fig. 1) . From February to May 2009, medical personnel from the health department in each of the towns recruited 165 children between 6 and 12 years old for the study. All of the children had similar socioeconomic status, nutritional habits, and health services. Ultimately, the participation rate was[98 %.
Urine Collection
First morning void urine samples were obtained in 100 mL polypropylene bottles, kept on ice, and transported to the Technological Institute of Sonora where they were frozen at -20°C. Samples were shipped at -60°C to the University of Arizona and stored at -80°C until the analysis was performed.
Blood Collection
Blood was drawn from study subjects for Pb and pesticide analysis. The samples were collected by trained personnel from the local Ministry of Health of Cd. Obregón. For Pb determination, blood samples were drawn from a cubital vein into vacutainer tubes containing ethylenediaminetetraacetic acid for plasma collection. The plasma samples were kept on ice and shipped at 4-8°C to the University of San Luis, Potosí, Mexico, where they were stored 4-8°C until the analysis was performed. For pesticide analysis, blood was collected in vacutainer SST (serum separation tubes) without anticoagulant for serum separation. Blood samples were allowed to clot at room temperature. The clot was carefully separated from the tube with a wooden probe to ensure phase separation on centrifugation. After centrifugation for 14 min at 2,500 rpm, the serum was transferred with hexane-rinsed Pasteur pipettes to hexanerinsed vials. The vials were stored in the freezer at a temperature of approximately -25°C before extraction (it is important to mention that all blood samples from Cocorit [n = 12] were lost during the process of clot separation; thus, we could not analyze them for pesticides).
Analysis of OCP, As, and Pb in Biological Samples
Analysis of OCP
All reagents for pesticide extraction (gas chromatography [CG]-quality aluminum oxide power and glass wool) were purchased from Mallinckrodt Baker Inc. (New Jersey, USA). CG-quality solvents (acetone, hexane) were purchased from Honeywell Burdick & Jackson (Michigan, USA). Reference standards of organochlorines were purchased from ULTRA Scientific Inc. (Rhode Island, USA). Pesticide analysis was performed using liquid-liquid microextraction according to Dale et al. (1970) with some modifications: 300 lL serum was extracted with 15 mL hexane at room temperature and the sample was vortexed for 10 s at maximum speed; this procedure was repeated four times. In each extraction, hexane was recovered in conical glass tubes of 50 mL volume. The eluate was evaporated to dryness with compressed air using N-EVAP equipment (model no 11155-RT). The sample was reconstituted with 100 ll/L hexane and then placed into a 2 mL vial with 0.3 mL insert (C4010-630; National Scientific). Eight OCP were analyzed (HCB, lindane, aldrin, methoxychlor, p,p'-DDT, p,p'-DDE, p,p'-DDD, and endosulfan). Quantification was performed using an HP 7890A gas chromatograph equipped with an electron microcapture detector and 7683B series injector autosampler (Agilent Technologies). A DB-5 (J&W Scientific) GC column (30 m 9 0.25 mm ID, 0.25-lm film thickness [5 % phenyl and 95 % dimethylpolysiloxane]) was used. Column temperature was as follows: initial 110°C (1 min), final 280°C (2 min) (rate 15°C/min up to 280°C). Injector temperature was 270°C operated in pulsed splitless mode. The carrier gas used was helium at a liner velocity of 2.3 mL/min. To determinate the quality of the method, a recovery study was performed on 10 spiked replicates of the blank serum samples (the pesticide levels in these blank were lower than limits of detection). The spiked serum samples ( 
Urinary As analysis
Reference urine samples containing As (III), MM(V), and DMA (V) were obtained from Institut National de Santé Publique (Québec, Canada). Sodium arsenite was from Thermo Fisher Scientific (Massachusetts, USA). Sodium arsenate and DMA were from Sigma-Aldrich (Missouri, USA), and MMA was purchased from Chem Service, Inc. (Pennsylvania, USA). Frozen urine was thawed, diluted twofold using Milli-Q water, and filtered with a Millex-HV filter (0.45-lm syringe driven filter unit; Millipore) before injection (Francesconi et al. 2002; Mandal et al. 2001) . The high performance liquid chromatography system consisted of an Agilent 1100 high performance liquid chromatograph (Agilent) with a reverse phase C18 column (Prodigy 3 lm ODS (3) 150 9 4.60 mm; Phenomenex, Torrance, CA), with an Agilent 7500a inductively coupled plasma-mass spectrometer used as detector for the analysis of five As species: As(III), As(V), MMA(V), DMA(V), and arsenobetaine (Meza et al. 2004 ). Due to difficulties in the timely transfer of samples across the United States-Mexican border, analysis of unstable MMA(III) and DMA(III) metabolites was not attempted.
The detection limit, quality control, precision, and accuracy of this analytical method were performed as previously reported (Meza et al. 2004 ). In addition, reference urine samples containing As(III), MMA(V), and DMA(V) were used. Analyses of these standards yielded recoveries between 80 and 109 % with coefficient of variation values \4 %.
Pb Analysis
Plasma samples were treated with a matrix modifier (diammonium hydrogenphosphate-Triton-X-100 in the presence of 0.2 % nitric acid) according to Jasso-Pineda et al. (2007) , and the samples were analyzed using a Perkin Elmer 3110 atomic absorption spectrophotometer using a graphite furnace. For quality control, a CDC WS2H proficiency testing blood material (method code 3851; Wisconsin State Laboratory of Hygiene, Toxicology Section, Madison, WI) was used, and the accuracy was determined to be 98 %.
Statistical Analysis
Arithmetic means (including range) were calculated for the variables studied. Concentrations of total As and Pb were transformed to a log scale to calculate the significance of the differences between means for each town using analysis of variance (ANOVA) and Bonferroni correction. All statistical analyses were computed using Software Stata 9.0 software (College Station, Texas, USA, 2002).
Results
Characteristics of the Children and Study Sites
Children from the 10 communities, except Cocorit and Bácum where 12.12 % of the children participants were Native Indian Yaquis, had similar socioeconomic status, nutritional habits, and ethnicity. All participant groups were generally similar with comparable distribution by age, sex, and length of residence (Table 1) .
Levels of OCP
Although p,p'-DDT was only found in 25.5 % of the children (mean 0.38 lg/L), 100 % of the children (n = 153) had detectable concentrations of p,p'-DDE (mean 1.24 lg/L) ( Table 2 ). This shows chronic and past exposure to p,p'-DDT. Lindane was found in the 39.2 % of the samples (mean 0.36 lg/L) followed by aldrin (mean 0.43 lg/L) in 9.80 % of the samples and endosulfan (mean 0.25 lg/L) in 3.9 % of the samples.
The towns with the highest levels of p,p'-DDE, p,p'-DDT, lindane, and aldrin were from the Mayo valley: Villa Juárez, Etchojoa, and Navojoa (Table 3) . Endosulfan was detected at the same concentration in both valleys, with a mean value of 0.25 lg/L for SJ de Bácum, Campo 47, and Etchojoa.
Blood Pb Levels
All of the children had detectable levels of Pb in their blood (mean 3.2) ( Table 4) . A portion (8.5 %) of the samples had blood Pb values [5.0 lg Pb/dL, but none of the samples exceeded 10 lg Pb/dL. The towns with the highest levels were Tobarito, Cocorit, and Bácum at 3.8, 3.7 and 3.7 lg Pb/dL, respectively.
Urinary As Levels
All of the children had detectable levels of urinary As (mean 30.9 lg As/L) ( Table 5 ) with 12.7 % of the samples having values [50 lg As/L. The towns with the highest levels were Cocorit, Bácum, Tobarito, and Villa Juárez at 31.0, 32.3, 37.6, and 34.7 lg As/L, respectively. Urine from the children from Cd. Obregón and Navojoa had the highest level of urinary As (62.4 and 40.5 lg As/L, respectively).
Discussion
Pesticide Levels
Public health programs in Mexico used DDT from 1957 until 2000 as the insecticide of choice to control diseasetransmitting organisms (Pérez-Maldonado et al. 2006) . p,p 0 -DDE, the major metabolite of DDT, was detectable in 100 % of the children's serum samples and at concentrations greater than any of the other pesticides. These findings are consistent with worldwide reports that *90-100 % of the population have detectable concentrations of p,p'-DDE (Waliszewski et al. 2001) . Concentrations of p,p ' -DDE and p,p'-DDT (means = 1.24 and (Sexton et al. 2006) . Although p,p'-DDT was detected in only 25.5 % of the children, in the human body, p,p'-DDT is slowly dechlorinated to p,p'-DDD and p,p'-DDE, with the latter being even more persistent than the parent compound. Because 100 % of children had detectable concentrations of p,p 0 -DDE in their serum, the contamination in these children appears to have resulted from previous exposure to technical-grade DDT and/or from intake of p,p'-DDE residues present in fatty foods (e.g., meat, milk, eggs). The ratio of (p,p'-DDE ? p, p'-DDD/ p,p'-DDT) is often used as an index for assessing the residence time of p,p'-DDT in the environmental. A value [1.0 indicates that the application was performed in the past, and a value\1.0 indicates a relatively recent application (Cheng et al. 2008) . In this study, this ratio p,p'-DDE/p,p-DDT was 3.3 [ 1.0, which is an indication of past exposure to DDT. This information, along with the low frequency of p,p'-DDT in serum samples (25.5 %), suggests past exposure to this compound in this region. Recent studies reported by Orduño (2010) described values of p,p'-DDE and p,p'-DDT in serum Because aldrin was historically applied as pesticide in both the Yaqui and Mayo valleys, children could have been exposed by inhalation or ingestion to this agent. Although aldrin was detected in only 9.80 % of children with a mean value of 0.43 lg/L (range 0.25-0.75) (Table 2), this does not preclude that more children could have been exposed because aldrin is rapidly metabolized to dieldrin in the body (Smith 1991) . Surprisingly, no dieldrin was detected in these children. There are some reports that the storage of dieldrin is decreased when both aldrin and DDT are fed simultaneously to dogs; however, when these compounds are combined in rats, the storage of dieldrin is markedly decreased, whereas the storage of DDT is uninfluenced. In addition, aldrin has been detected only in trace amounts in the blood of people who make and formulate it (Smith 1991) . In Mexico, studies about the presence of aldrin in human population are very scarce, and there are only two reports in children. Trejo-Acevedo et al. (2009) evaluated 229 children from 8 states in Mexico (Chiapas, Veracruz, San Luis Potosí, Coahuila, Guanajuato, Zacatecas, Durango, and Querétaro), and no detectable levels were noted. In contrast, in nursing babies from Pueblo Yaqui, Sonora (n = 11), aldrin was found in serum samples from the infants (16.9 ± 45.3 lg/L) (García and Meza 1991) ; these concentrations are greater than those found in our study population. Lindane has been used in this agricultural area since 1972 and is still permitted in the formulation of pharmaceuticals and indoor applications (Avalos and Ramírez 2003) . Lindane was detected in the 39.2 % of children with an average of 0.36 lg/L (range 0.25-1.0) ( Table 2) . Although the blood concentration of lindane was the lowest reported compared with children's blood levels in other parts of Mexico, the results are consistent with the past use of lindane-based pesticides in the region (TrejoAcevedo et al. 2009 ). It should be mentioned that when this study was performed, lindane was in a commercial shampoo used for the outbreak of lice in these localities.
Some types of organochlorine pesticides are still being used in Mexico despite their prohibition in some industrialized countries. This is the case with endosulfans, which were also included in this study because of their widespread use in this region. Endosulfan was detected in the 3.9 % of children with a mean value of 0.25 lg/L (Table 2 ). There are no published reports of the levels of endosulfan in children in Mexico, and more attention should be paid to endosulfans because they have been reported as endocrine disruptors (Bejarano 2009 ). Our study clearly found the presence of OCP residues in children living in agricultural areas of northwest Mexico and showed that OCP are detectable in the body despite their ban a few decades ago and may reflect historical exposure to pesticides that are no longer in use.
Blood Pb Levels
It was important for this study to include the analysis of Pb and As because these chemicals were sprayed as arsenical pesticides in both valleys. Both the Centers for Disease Control and Prevention and the World Health Organization recommend that blood Pb in children be \10 lg Pb/dL. In our study, children from both valleys had blood Pb levels (mean B 3.2 lg Pb/dL) lower than this guideline. This was surprising because Pb arsenate was use as a pesticide in past decades in both valleys (Cejudo 2009 ). Even the current Pb levels in soil from these valleys are lower than the permissible levels . Caution is still needed because recent studies have shown that cognitive deficits, as well as developmental and behavioral problems, have occurred in children with blood Pb levels just below 10 lg Pb/dL (Hui-Li et al. 2008; Lanphear et al. 2009 ). There were some children from Bácum and Cocorit in whom blood Pb levels are closer to 10 lg/dL (9.0 and 8.6 lg/dL, respectively) ( Table 4 ). Both communities are close to the Yaqui river where levels of Pb have been detected at greater than Mexican guideline in a battery of wells constructed as a drinking water source for these towns (Hernández 2006) . In addition, the major contribution of Pb exposure in these communities could be due to leaded gasoline. Cd. Obregón, Navojoa, Tobarito, and Villa Juárez are large communities with agriculture activities and have Children from the largest communities (Tobarito, Cd. Obregón, Villa Juárez, and Navojoa) had greater As levels in urine compared with children living in the smaller areas, and 12.7 % of the urine samples had values [50 lg As/L (Table 5 ). Although reported As concentrations in residential and agricultural soils in those towns with a range of 12.7-19.4 and 12.7-27.0 mg As/Kg, respectively, and As concentrations in drinking water with a range of 3.9-30.2 lg As/L, no statistical association was found between As levels in environmental samples and urinary As excretion. Recent studies in some towns from these valleys have shown that drinking water may not be the largest contributor to urinary As concentrations (Roberge et al. 2012) , and that food consumption or dust inhalation may be other important routes of As exposure for the children living in these larger areas.
Conclusion
The present study reports for first time the presence of OCP residues, Pb, and As in children living in two of the major agricultural areas of southern end Sonora, Mexico, and show that OCP are detectable in their body despite their ban a few decades ago and may reflect historical exposure to pesticides that are no longer in use. The heavy application of these compounds, mainly on cotton fields and during malaria campaigns, is responsible for their presence in soil, water, and biological samples of the population. Although few blood Pb levels were close to the guideline value, some precaution should be taken because adverse health effects in children at concentrations \10 lg Pb/dL have been reported. Similar concerns occur relative to children with urinary As levels [50 lg As/L. Accordingly, it is imperative to initiate the National Implementation Plan of the Stockholm Convention to decrease exposure to these toxicants and improve risk reduction in children from Mexican communities. In addition, our results can be used to establish baseline levels of exposure to these toxins in this agricultural region and may be used as a reference point for regulatory agencies.
